INTRODUCTION
Gastric cancer is one of the most common cancers in the world, which ranks first in frequency among Koreans (1) . Curative surgery is the treatment of choice, with recent improvements in the overall survival rate. However, the mortality of patients diagnosed with gastric cancer still remains high, due to many patients being diagnosed in the advanced stages of the disease. More than two-thirds of patients with gastric cancer will have an unresectable disease (2) . Although various chemotherapeutic agents, either alone or in combination, have been studies since 1970, the median survival of patients with a metastatic disease remains between 6 and 9 months. Therefore, there is a need for more effective systemic therapy to improve the management of patients with advanced gastric cancer.
The efficacy of chemotherapy with palliative intent, compared to that of supportive care alone, is now widely accepted. Studies have shown the benefit of combination regimens, such as FAMTX (5-FU, doxorubicin and high-dose methotrexate) or ELF (etoposide, leucovorin and 5-FU) over that of the best supportive care (3～5) ( Table 1 ). The survival advantage was paralleled by an improvement in the quality of life, and the treatment appeared to be cost-effective. However, the survival advantage is small, and no internationally accepted standard regimen has emerged (6) . While no one combination chemotherapy regimen is accepted as the standard for advanced gastric cancer, the continuous infusion of 5-FU with cisplatin is currently considered a suitable reference regimen worldwide.
Recently, several new agents have emerged as potential new options for this disease. Promising data have been reported with docetaxel, paclitaxel, irinotecan, oxaliplatin, capecitabine and TS-1. In this article, the results of various clinical trials available in the current literature, as a single agent chemotherapy or combination chemotherapy in patients with advanced gastric cancer, will be discussed. 
SINGLE AGENT CHEMOTHERAPY
Many of the trials evaluating single agents have been small and uncontrolled, making it difficult to draw firm conclusions regarding their efficacy. The most extensively studied agents are 5-fluorouracil (5-FU), doxorubicin, mitomycin C and cisplatin, with newer cytotoxic agents being the taxanes (docetaxel and paclitaxel), oral fluoropyrimidines (capecitabine and TS-1), oxaliplatin and irinotecan (Table 2) .
5-FU is one of the most effective and widely used single agent in patients with advanced gastric cancer (7), and forms part of all the current reference regimens. 5-FU monotherapy, a standard treatment in Japan, is associated with a response rate of approximately 20% and an overall survival time of between 5 and 7 months in phase III randomized studies (8, 9) . The modulation of 5-FU with leucovorin has generally enhanced the antitumor efficacy (10, 11) , and has been shown to have activity in patients who had previously progressed on 5-FU-containing combinations (12) .
Mitomycin is also an active single agent in the treatment of gastric cancer. A response rate of around 30% has been reported (13, 14) , but the clinical use was limited due to delayed myelotoxicity and the occurrence of hemolytic uremic syndrome.
Taxanes (paclitaxel and docetaxel) have been tried as single agents in the treatment of advanced gastric cancer. Paclitaxel was well tolerated, with reported overall response rates ranging between 17 and 23% (15～17). The results from several European, US, Japanese and Korean studies have assessed first-line docetaxel monotherapy in advanced gastric cancer, which have indicated overall response rates ranging from 18 to 24% (18～ 21). Interestingly, the response rate of docetaxel monotherapy was similar between chemotherapy-naive and previously treated patients. The overall response of 129 eligible patients in a late phase II study of docetaxel in advanced or recurrent gastric cancer conducted in Japan was 17.1% (19, 20 Due to its convenient route of administration and pharmacodynamic advantage in mimicking protracted 5-FU infusion, oral 5-FU prodrugs have received increased consideration in recent years. UFT, a combination of uracil and ftorafur, has shown an overall response rate of about 28% in various phase II studies (27～29). The oral fluoropyrimidine, capecitabine, was designed to preferentially generate 5-FU in tumor tissue. This tumor selectivity is achieved through exploitation of the significantly higher activity of thymidine phosphorylase in many tumor tissues (30, 31) . Capecitabine monotherapy has shown an overall response rate of 28%, with good tolerability, in a phase II study of previously untreated patients with advanced gastric cancer (32) . In a larger Japanese clinical trial of 60 patients with previously untreated advanced gastric cancer, a 4-weekly intermittent schedule led to a response rate of 26% and a median survival of 8.8 months (33) . TS-1 is a new oral dihydropyrimidine dehydrogenase inhibitory fluoropyrimidine, consisting of tegafur, 5-chloro-2,4-dihydroxypyridine and potassium oxonate, at a molar ratio of 1:0.4:1, which has achieved high efficacy, without increasing gastrointestinal toxicity, based on biochemical modulation theory (34) . In two late phase II studies for advanced gastric cancer in Japan, the combined response rate of the two studies was 44.6%, with a very low (2.0%) incidence of grade 3 diarrhea (35, 36) . The phase II study of TS-1 against gastric cancer in Europe, by the EORTCEarly Clinical Study Group, also revealed high efficacy (37) .
Although, randomized trials comparing monotherapy with combination regimens have consistently shown increased response rates in favor of the combination regimens, similar survival durations were usually found (38) . The response rates of most single agent treatments ranged from 17 to 44.6%. Since monotherapy has an advantage in terms of toxicity compare with combination treatments, they might be tried in a second line setting. Taxanes, especially, have shown similar response rates in both first and second line treatments, which is very unusual in this type of cancer. Whether different schedule of 5-FU administration (bolus intravenous, continuous intravenous, oral, etc.) could overcome previous 5-FU exposure need to be verified by clinical studies in a second line setting.
COMPARATIVE STUDIES OF COMBINATION CHEMOTHERAPY
Many combinations of cytotoxic chemotherapeutic agents have been developed to improve the response rate and duration of survival of advanced gastric cancer patients. In the late 1980s and early 1990s, FAM (5-FU, doxorubicin, mitomycin-C), FP (5-FU, cisplatin), FAMTX (5-FU, doxorubicin, methotrexate), EAP (etoposide, doxorubicin, cisplatin) and ECF (epirubicin, cisplatin, protracted 5-FU infusion) showed high response rates in phase II trials, but lower response rates and an overall survival of less than 1 year in randomized trials (39) .
Comparison of FAMTX with FAM in a prospective randomized study revealed a significantly higher overall response rate (41% versus 9%) and median survival (42 versus 29 weeks) for FAMTX, but with similar toxicities (40) . In the initial report on 67 patients, EAP was associated with an overall response rate of 64% (41) . A follow-up study, however, suggested a much lower response rate of 33% (42), and compared with FAMTX showed a significantly lower response rate (20% versus 33%) and similar survival (6.1 versus 7.3 months) (43) . Based on four toxicity related deaths in the EAP arm, the EAP regimen was not recommended for the treatment of gastric cancer after this study (44) . (45) . All three groups showed similar efficacies, but the FAMTX group had a disappointing response rate (12%), with a median survival of 6.7 months. In a phase III trial comparing PELF (Cisplatin, epirubicin, leucovorin and 5-FU) with FAMTX, PELF was associated with a significantly higher response rate (38% versus 21%) and higher 12-month survival rate (31% versus 22%) (46) . Similar combination treatment with PELF, ECF was associated with an overall response rate of 71% and a median survival of 8.2 months in a phase II study (47) . A direct comparison of ECF with FAMTX was attempted, with ECF being superior in terms of both the response rate (45% versus 21%) and median survival (8.9 versus 5.7 months) (48) ( Table 3 ). In a phase III study comparing ECF with MCF (mitomycin, cisplatin and 5-FU), both treatments showed similar response rates and survivals. However, a better quality of life was observed with the ECF treatment (49) .
The FP combination achieved an overall response rate of 40% and a median survival of 9 months in two phase II studies (50, 51) . In a study at Seoul National University, FP was compared either with 5-FU alone or with FAM. The objective response rate in the FP arm was superior to those of the other two treatments (51% versus 26% versus 25%), but there was no statistical difference in the survivals (37 versus 31 versus 29 weeks) (52) .
There is some justification for considering the ECF regimen as the most active available combination treatment for advanced gastric cancer. However, when interpreting the ECF data it should be noted that a substantial number of patients included in phase II or III ECF studies had locally advanced disease and were; therefore, not stage IV cases using conventional criteria. Also, more than one-third of the patients in those trials had an adenocarcinoma of the esophagus or gastroesophageal junction, which may be, in essence, a different disease from classical gastric cancer. These considerations may help explain why many oncologists consider the FP regimen to have as good a claim as ECF to the role of the standard treatment.
COMBINATION CHEMOTHERAPY USING NEW AGENTS
Based on the promising results of taxane monotherapy, taxanecontaining combination regimens are actively under evaluation ( Table 4 ). The combination of paclitaxel, cisplatin and 5-FU appears to be a highly active regimen, with acceptable toxicity (53) . An overall response rate of 51% was achieved in 41 patients with an advanced gastric carcinoma. The combination of paclitaxel and 5-FU showed a response rate of 65% and a median survival of 12 months in 31 patients with advanced gastric cancer (54) . Promising results were also reported with a regimen of paclitaxel and cisplatin (55) , with an overall response rate of 44% and a median time to progression and an overall survival of 7 and 11.2 months, respectively.
Several investigator groups have tried the docetaxel with cisplatin combination as treatment for advanced gastric cancer, with overall response rates of 37.2 (56) to 56% (57) and median survivals of 9 (57) to 11.5 months (58) achieved with this regimen. A phase II multicenter trial showed that protracted continuous intravenous 5-FU infusion can be safely added to the docetaxel-cisplatin combination if the docetaxel dose is reduced (59) , with an overall response rate and a median survival of 51% and 9.3 months, respectively. To identify which experimental arm should be taken forward into a phase III comparison against cisplatin/5-FU, a multinational effort was mounted to conduct a randomized phase II comparison of docetaxelcisplatin (DC) versus docetaxel-cisplatin-5-FU (DCF) (60) . The response rates in the DC and DCF arms were 32 and 54%, respectively. From an intention-to-treat analysis of the full population, the response rates were 28 and 43% in the DC and DCF arm, respectively. The interim results of a phase III trial comparing DCF to CF (cisplatin plus 5-FU) showed a significantly longer time to progression (5.2 versus 3.7 months) and higher response rate (39% versus 22%) after treatment with the DCF (61) . Also, presented data has shown docetaxel to provide a small, but significant, survival benefit when added to CF in advanced gastric cancer. However, poor tolerability and high rate of toxic deaths in this study make the impact of this triplet combination questionable. Instead of the cumbersome long-term 5-FU infusion, oral 5-FU prodrugs, combined with docetaxel/ cisplatin, were attempted (62) . In all, 52 patients received courses of docetaxel, 60 mg/m 2 , and cisplatin, 75 mg/m 2 , administered on day 1. Oral UFT, at 400～600 mg/day, as determined from the body surface area, and leucovorin, at 75 mg/day, were administered for 21 consecutive days from day 1, followed by a 7-day drug-free interval. Four complete responses (7.7%) and response rate of 50%. The major toxicity was neutropenia, which reached grade 3/4 in 36 patients (69.3%). The median time to progression, survival duration and response duration were 22 weeks (4 to 156+ weeks), 48 weeks (4 to 156+ weeks) and 24 weeks (6～152 weeks), respectively. Docetaxel, cisplatin, oral UFT and leucovorin combination chemotherapy was effective and tolerable for the treatment of advanced gastric cancer. Epirubicin was added to DC to test the feasibility of the triple combination for the treatment of advanced gastric cancer (63) . Although, the response rate was similar to that of other triplet combination chemotherapies for advanced gastric cancer (47%), the median survival duration was 11 months.
Based on promising the activity of irinotecan, a large phase II/III trial (study V306) was undertaken to define its clinical efficacy based on combination therapy in advanced gastric cancer (64) . In the initial phase II part of the trial, a total of 146 patients were randomized to receive either irinotecan, 200 mg/m 2 , plus cisplatin, 60 mg/m 2 , every 3 weeks, or irinotecan, 80 mg/ m 2 , weekly plus 5-FU/folinic acid. Neutropenia and its complications were more common when the irinotecan was combined with cisplatin than when it was combined with 5-FU/ folinic acid. Diarrhea was more frequent among patients administered irinotecan with 5-FU. The overall response rate of the irinotecan/5-FU/folinic acid (34%) was superior to that of irinotecan/cisplatin (26%). With regard to the time to progression and median survival, the irinotecan/5-FU/folinic acid combination was clearly superior to that of irinotecan/cisplatin (4.5 versus 6.5 months, 6.9 versus 10.7 months). On the basis of these efficacies and safety data, the irinotecan/5-FU/folinic acid combination was adopted for a randomized comparison with 5-FU/cisplatin, which will be reported in the near future (65) . However, various schedules of the irinotecan plus cisplatin combination treatments were attempted in advanced gastric cancer patients, with promising results. The overall response rates were between 41.7 (66) and 58% (67) , and a median survival of about 9 months. The schedule of irinotecan, 70 mg/m 2 , on days 1 and 15 and cisplatin, 80 mg/m 2 , on day 1, every 4 weeks, seemed better in terms of toxicity. A highly tolerable alternative to this regimen is the combination of irinotecan, 60 mg/m 2 , with low-dose cisplatin, 6 mg/m 2 (68) . This regimen resulted in a response rate of 52%, with a positive impact on the quality of life in 21 patients who failed previous 5-FU chemotherapy.
Oxaliplatin is a third-generation platinum compound, which has a wide range of antitumor activities. Compared with cisplatin, oxaliplatin appears to have a better safety profile, with minimal cross-resistance to cisplatin (69) . Weekly and biweekly 5-FU/ folinic acid/oxaliplatin regimens have mainly been explored in colorectal cancer, with encouraging activity. This combination has also been evaluated in a number of phase II studies in both first-(70～72) and second-(73) line treatment settings for advanced gastric cancer. The reported overall response rates were between 43 and 56%, with median survival durations between 8.6 and 10 months, which were comparable with results reported from studies using FAMTX, ECF and ELF. Except for the oxaliplatin-related neurotoxicity, 5-FU/folinic acid/oxaliplatin regimens have shown moderate to mild myelosuppression according to the dosage and schedule of 5-FU. Thus, the 5-FU/folinic acid/oxaliplatin combination is an active regimen, with acceptable toxicities, for the treatment of advanced gastric cancer. The combination of oxaliplatin/irinotecan also showed promising activity, with a favorable toxicity profile (74) . Currently, a randomized multicenter study (REAL-2) is underway, with a two by two factorial design, to compare the efficacies of capecitabine with 5-FU, and oxaliplatin with cisplatin in the ECF regimen, for patients with advanced esophagogastric cancer. The interim analysis of the REAL-2 study showed good antitumor activity in favor of oxaliplatin and capecitabine, with a response rate of 52% in an EOX (epirubicin, oxaliplatin and capecitabine) regimen (75) .
The combination of capecitabine, a promising oral 5-FU prodrug, and cisplatin has demonstrated an overall response rate and median survival of 55% and 10.1 months, respectively as a first-line treatment in previously untreated patients (76) . This regimen was also active for the patients with relapsed gastric cancer after fluoropyrimidine-based adjuvant chemotherapy, with a response rate and median survival of 28% and 11.2 months, respectively (77) . Two different combination schedules of docetaxel and capecitabine have been attempted for the treatment of advanced gastric cancer. In a weekly combination of docetaxel and capecitabine trial, fifty five patients were treated with docetaxel (36 mg/m 2 intravenously), on days 1 and 8, and capecitabine (1,000 mg/m 2 orally twice a day), on days 1～14, in a 3-week schedule until progression occurred. The overall response rate and median survival were 40.4% and 12.0 months, respectively (78) . When docetaxel was administered every 3 weeks, at a dosage of 75 mg/m 2 , with capecitabine, at a dosage of 1,250 mg/m 2 , twice daily on days 1～14, a much higher response rate (60%) was reported, with a median survival of 10.5 months (79). However, this combination treatment showed a high incidence of stomatitis or hand-foot syndrome as the dose-limiting toxicities, which prevented continuous treatment.
The results of TS-1 containing combination chemotherapies have mainly been reported from Japanese case reports. TS-1, combined with either cisplatin or irinotecan, with various doses and schedules, has been reported by Japanese investigators. Only one report, showing a response rate for TS-1 plus cisplatin of 74% in phase I/II study, has been published in a peer review journal (80) . Considering the high response rate and longer survival duration reported with capecitabine based combination chemotherapies and the high single agent activity of TS-1, the combination chemotherapies of TS-1 plus taxane, platinum or irinotecan may emerged as the new standard or reference regimens for the treatment of advanced gastric cancer.
CONCLUSIONS
Most combination chemotherapy regimens for the treatment of advanced gastric cancer have shown overall response rates in the range of 30 to 50%, usually in phase II studies. Despite the fact the median survival has remained significantly unchanged with the use of new regimens, some progress has been achieved in the treatment of advanced gastric cancer. It has been clearly shown that chemotherapy is better than the best supportive care alone, with respect to both the median survival and quality of life. Although, it has failed to translate into a survival gain, combination chemotherapy appears to be associated with significantly higher overall response rates than monotherapy. Recently, taxane has emerged as an attractive agent in combination with 5-FU and/or cisplatin. Taxane is also useful as a second-line treatment, agent due to its unique action and activity. Oral 5-FU prodrugs are replacing cumbersome 5-FU long-term infusions due to their convenience and superior toxicity profiles. Oxaliplatin could be an ideal alternative to the toxic cisplatin. However, the low complete response rate and short response duration are still the main obstacles in chemotherapy for advanced gastric cancer. It seems that the treatment of advanced gastric cancer using conventional chemotherapeutic agents has reached a plateau in efficacy, but further effort to find better combination chemotherapy regimens, in terms of toxicity profile and survival, still need to be pursued. We are waiting on the results of large phase III randomized clinical trials for the answers to these questions.
